Abstract Aim: To determine if there are differences in ADC values between normal appearing corticospinal tracks in patients with MS compared to ADC values in controls. Material and methods: The study population comprised 62 consecutive MS patients (36 women and 26 men; mean age 36.45AE8.63 years). 50 control subjects with no neurological disabilities or intracranial were included the study (32 women and 18 men; mean age 40.18AE12.25 years). All ADC maps were independently evaluated by two experienced radiologists. ROI of approximately 15-18 mm 2 in capsula interna and 10-12 mm 2 in mesencephalon were placed bilaterally for measurement of ADC values. Three circular ROIs were placed-one each side for internal capsule-and 6 total ROIs from right and left internal capsule were averaged for each patient. Mesencephelon ADC measurements were performed similarly. Result: The mean ADC values of the left internal capsule in MS patients were significiantly lower than the control group (p:0.002). No statistically significant difference was found between the MS patients and control group mean ADC values of the right internal capsule (p>0.05). The mean ADC values of the right and left mesencephalon in MS patients were significiantly lower than the control group (respectively; p:0.031, p<0.001). The mean ADC values of the left internal capsule were significiantly lower than the right internal capsule in MS patients (p<0.001). The mean ADC values of the left mesencephalon were significiantly lower than the right mesencephalon in MS patients (p<0.001).
Introduction
Multiple sclerosis (MS) is a chronic inflammatory disease of unknown pathogenesis causing demyelination of the central nervous system (CNS). 1 Demyelination is accepted as the primary pathological condition in MS patients. 2 Axonal degeneration is believed to be ultimately responsible for progressive neurological dysfunction. 3 The pathological evidence of MS is lesions, defined as plaques, which are due to focal loss of myelin with relative preservation of axons and astrocytic gliosis. Macroscopic lesions, defined as plaques are most commonly seen in the spinal cord, optic nerves, cerebellum/brainstem and periventricular white matter (4) . Conventional magnetic resonance imaging (MRI) has a significant role in the diagnosis and follow-up of the macroscopic lesions. However, conventional MRI cannot display the microstructural changes in normalappearing white matter (NAWM) and gray matter (NAGM), which may be relevant to the severity of disease and could change the therapy regimen. 5 These changes can be shown with advanced MRI sequences such as the diffusion-weighted imaging (DWI)-MRI technique. DWI-MRI is an important MRI technique in the evaluation of the random molecular motion of water protons, 6 and there has been great interest in the use of this technique for the evaluation of neurological disorders such as MS. [7] [8] [9] [10] To date, NAWM and NAGM changes in MS patients and healthy individuals were shown in many DWI-MRI studies. [9] [10] [11] However, only one study in the literature has investigated the apparent diffusion coefficient (ADC) values of the corticospinal tract in MS patients by using diffusion tensor imaging (DTI) technique 12, 13 , and there were only one study in the literature which is investigated the 
Materials and methods
This retrospective study was performed between December 2014 and December 2015. The study population comprised 62 patients with a definite diagnosis of relapsing-remitting MS according to the McDonald criteria 7 ( Figure 1 ). Fifty age-and sex-matched control subjects with no neurological disabilities or intracranial pathologies found in MRI examination were also included in the study. Clinical indications for MRI in the control patients were headaches in all subjects. Neurological examination did not reveal any neurological disease that would explain headache in the mentioned subjects. The study protocol was approved by the ethics committee of our hospital. All data including demographic information, clinical, and neurological findings were obtained from the patients' medical records. Patients were excluded from the study if they had unacceptable image quality and insufficient medical information.
All MRI examinations were performed with a 1. capsule-and six total ROIs for the right and left internal capsule were averaged for each patient. Mesencephelon ADC measurements were performed similarly. Three circular ROIs were placed-one on each side for the mesencephalon-and six total ROIs from the right and left sides for the mesencephalon were averaged for each patient. The mean ADC values were recorded for each patient and used for statistical comparisons. Table 2) .
Statistical analysis
The mean ADC values of the left mesencephalon were significantly lower than the right mesencephalon in control group members (p < 0.001). No statistically significant difference was found between the right and left internal capsule mean ADC values of the control group members (p > 0.05). The mean ADC values of the left internal capsule were significantly lower than the right internal capsule in MS patients (p < 0.001). The mean ADC values of the left mesencephalon were significantly lower than the right mesencephalon in MS patients (p < 0.001) ( Table 2 ).
Discussion
Neuroradiologic investigations detecting the role of DWI-MRI in the evaluation of MS disease have shown that, unlike the decreased or ''restricted'' ADC values found in areas of acute cerebral infarction, which reflect the presence of cytotoxic edema, the typical DWI abnormality found in MS plaques is that of truly increased ADC values. 13 The high ADC in MS lesions reflects the increase of the extracellular space either by extracellular edema or by demyelination. 14 However, a few investigators found decreased ADC values in fields of acute MS plaques. These investigators proposed the hypothesis that ADC may be reduced in acute MS plaques owing to the release of inflammatory cytokines, which would induce mitochondrial dysfunction responsible for cytotoxic edema. 15 In the present study, we determined the ADC values of the normal appearing right and left corticospinal tract in MS patients and compared the results with a healthy control subjects. Although NAWM and NAGM changes were determined in many investigations, there is only one study in the literature which is investigated the ADC values of the normal appearing corticospinal tract in MS patients. 12 Inal et al. 12 found that there was no significiant difference between the right and left side corticospinal tract ADC values in either MS patients or control groups. In contrast to Inal et al. 12 we found that the mean ADC values of the left corticospinal tarct were significiantly lower than the right corticospinal tarct in MS patients. This result suggests that left and right corticospinal tarcts are affected by inflammatory reaction in MS patients various degrees.
Contrary to most studies, which have revealed increased ADC values in different parts of the CNS of MS patients, except in some acute MS plaques, Inal et al. 12 found restricted ADC values in the corticospinal tract of MS patients. They explained this result with the idea that decreased ADC values in acute MS plaques are related to acute inflammation; therefore, it can be concluded that the normal appearing corticospinal tract is involved in the inflammatory reaction in MS patients. In areas of the CNS that are remote from the MS plaques, such as NAWM or NAGM involved in MS patients, it is possible that white matter tracts, like the corticospinal tract, may be affected by the inflammatory process in MS disease. 12 Similarly to Inal et al., 12 we found that the mean ADC values of the left internal capsule in MS patients were significiantly lower than the control group subjects. We found that the mean ADC values of the right and left mesencephalons in MS patients were significantly lower than the control group. However, in contrast to Inal et al., 12 we found no statistically significant difference between the MS patients and control group members' mean ADC values of the right internal capsule.
There are several limitations in our study. First, ADC values were measured manually. Manual measurements involve a degree of subjectivity. Second, because our study is retrospective, we could not reach the exact duration of the disease in MS patients. Therefore, the relationship between disease duration and ADC values can not be assessed. Third, fractional anisotropy (which is one measure of anisotropy, i.e., the tendency for water to diffuse in one direction as opposed to randomly) can not be evaluated due to technical difficulties.
In conclusion, our study has shown that the mean ADC values of the corticospinal tract in MS patients were significantly lower than in the control group except for the right internal capsule. This result helped to support recent evidence that MS is a diffuse disease affecting the CNS globally. In contrast to previous investigators, in our study no statistically significant difference was found between the MS patients and control group members' mean ADC values of the right internal capsule. According to these results, we think that left and right normal-appearing corticospinal tract is affected by inflammatory reaction in MS patients to various degrees. We think inflammatory infiltration of the normal-appearing corticospinal tract could probably affect the random motion of water molecules that can be the cause of the reduction in ADC values.
